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Introduction

Hypothesis

Conclusions

The Follicle Stimulating Hormone Receptor (FSHR)

AFM Imaging techniques and fluorescent
microscopy will show a clear correlation between
the location of FSHR and lipid rafts.

Caveolin protein can be fluorescently tagged using a GFP-fusion
protein and it showed a punctate staining pattern consistent with
lipid rafts.

Experimental Approach
Grow and prepare Human Granulosa 1 (HGrC1) cells
Tag caveolin with Green Fluorescent Protein (GFP) to mark lipid rafts
Tag GM1 glycosphingolipid in lipid rafts with Cholera Toxin B (CTB) and
FSHR with a fluorescent antibody
Use AFM and antibody-coated cantilevers to visualize the cell surface
Compare AFM and fluorescence imaging to see if FSHR is in lipid raft

Results
• FSH and FSHR regulate fertility in humans
• FSHR is a G-Protein Coupled Receptor (GPCR) found on granulosa cells of ovaries and Sertoli
cells of testes.
• When activated by FSH, regulates gonadal functions, the release of hormones, and the
maturation of gametes (George, Jitu W, et al. 2011).
• According to previous research, FSHR has a high affinity for lipid rafts in the cell membrane,
which are rigid areas dense with cholesterol and sphingolipids. Rafts allow for the assembly of
signaling complexes (Ostrom and Insel, 2004).
• Understanding how FSHR functions in relation to the rafts is critical in being able to control
human reproductive processes (fertility and birth control).

After I visualize an area
containing a raft and a receptor
using fluorescent, I will use the
tapping mode on the AFM to
visualize small details on the
surface of the cell membrane in
this region. Hopefully, this will
verify what is seen in the
fluorescent images, and I will
be able to identify the exact
location of the lipid rafts.
Coating the cantilever tip in
antibodies will also help identify
the exact locations of FSHR.

Figure 6: Example of images from an AFM. This
is hopefully similar to what my future data will
look like. Li et al., 2006.

If my hypothesis is supported, these images will show that the
FSHR is located inside the lipid raft.

Figure
1:
Image
of
a
phospholipid bilayer containing
lipid raft areas and a GPCR that
could represent FSHR. Madden,
2018.

Atomic Force Microscopy (AFM)

Future Experimental Steps

Figure 4: Image of fluorescently tagged caveolin proteins in hGrC1 cells.
HGrC1 cells were successfully cultured and marked with GFP. Fluorescent
microscopy reveals green areas of the cell membrane that represents areas
containing caveolin. Some of these regions are lipid rafts, but caveolin is also found in
other areas of the cell membrane.

I also researched a method for coating a cantilever tip with
antibodies. By finding an antibody that is attracted to FSHR, the tip
will “stick” slightly when it encounters the receptor. This will
change the sinusoidal pattern of the tip’s motion, clearly indicating
the presence of a receptor.
• Due to the outbreak of COVID-19 virus, I was unable to
accomplish all of my goals for research this year. However, I have
a concrete plan of future steps I plan to pursue in the future.
• AFM and fluorescent imaging will be used to verify the position of
the FSHR in relation to lipid rafts..
• Knowledge of this relationship will be useful in future studies to
uncover more about how FSHR operates and how to control its
functions.
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Figure 2: Left: AFM arrangment (sample, cantilever tip, etc.) in force volume
mode. Right: force distance curve obtained via AFM in force volume mode. Shi
et al., 2012
Atomic force microscopy (AFM) can be used to visualize the 3D topography of nano-scale
surfaces.
AFM uses a cantilever with a very small tip. This tip is lowered to the surface of the sample and
then taps the surface in a uniform, sinusoidal pattern.
A laser is aligned so it deflects off the back of the cantilever at a certain angle. The cantilever tip
is then run back and forth across the area to be visualized.
When the cantilever tip encounters a change on the surface, this disrupts the sinusoidal pattern
of the tip.
This change in pattern changes the deflection angle of the laser, and this change in deflection
can be used to create a detailed image of the surface of the sample.

Figure 5: Image of GFP marked HGrC1 cells under a 40x objective. Brighter regions
indicate fluorescence and potential lipid rafts.
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